THE subject of periodicity of measles may I think best be approached by a general study of the figures relating to the deaths from that disease in London since the introduction of registration. For this purpose the number of deaths in each quarter-year have been graphed in a diagram (Diagram I) . Each line of graph refers to 24years. The beginning of each decade is marked by a line and the accompanying date. The reason for this particular distribution into epochs of 244 years depends on the fact that for each of these epochs the epidemic wave has closely reproduced itself. The fourth graph in the diagram represents the average of the sum of the upper three graphs. It shows obviously the same characters as each of the component parts. In the next section the chief epidemic period of measles in London will be shown to be 97 weeks in length or very nearly 1 years. On this hypothesis the dates on which epidemics are due are indicated in the diagram by circular dots. It will be noted that the epidemics apparently occur for considerable periods at the expected times but at other times they fail to make their appearance in the manner that might be expected. Yet the disappearance is only temporary and the re-appearance of the epidemic wave of 97 weeks in the expected place is observed to have recurred three times. It must therefore be taken that the phenomena have some permanence and that the recurrence is not due to chance alone. The irregularity observed in this case is similar to that which has brought the analyses of some disease statistics into The three upper sections in this diagram show the number of deaths from measles in London in each quarter-year from 1840 to 1912. The total length of each section is 24i years. For purposes of reference the beginning of each decade is indicated. The circular black dots below the diagram are placed at intervals of 97 weeks to illustrate the main periodicity of the measles epidemics.
In the fourth section of the diagram the three sections above have been added together and averaged. It will be noticed that for three-fourths of this section the circular black dots coincide absolutely with the situation of the epidemics. In the fifth section of the diagram the phenomena are illustrated which would be observed if two epidemics causing an equal number of deaths, of 97 and 87 weeks' periods respectively, were present in a large city.
disrepute. In the absence of long series of statistics permanence is difficult to demonstrate. What has held for a considerable time has seemed, in a number of cases, apparently to hold no longer. Change in the nature of a phenomenon leads much more readily to doubt, than permanence of limited duration to belief. In the case of London, however, a series of statistics of sufficient length exists to demonstrate that the disappearance of a phenomenon may be apparent only and not permanent. What then is the explanation of this permanence ? I think it comparatively simple. It is that an epidemic is due chiefly to the properties of the organism causing it, and that the periodicity of epidemics which occur at regular intervals depends for the most part on the life-history of the organism. Many biologists and statisticians doubt this at present, but a step in the proof of the accuracy of this opinion is, I think, given by the phenomena nnder consideration. In a large city like London, the organisms which produce epidemics of measles belong not to one strain but to several, each of these strains possessing different properties. The property alone at present considered is that which determines the periodicity of the epidemic. Grant that one strain of an organism is capable of producing an attack of the disease which confers a certain degree of immunity against another strain, and grant that its life history on the average is the same, then the phenomena which follow will be of the nature of those observed. To illustrate this the fifth line of the graph in the diagram has been constructed. It shows what would happen if two epidemics occasioning an equal number of deaths occurred periodically, the one epidemic having a periodicity of 97 weeks, as is the case with the chief London epidemic, and the second a periodicity of 87 weeks. These epidTemics are supposed to be at their maxima simultaneously at the point marked x in the diagram. With the first recurrence, the maxima of these epidemics will be separated by an interval of 10 weeks, while by the time the fifth or sixth recurrences are reached the maximum of the one period will coincide with the minimum of the other. A dead level of endemicity at this period is the phenomenon requiring explanation. As, however, time goes on the epidemics will again have their maxima simultaneously and epidemic outbursts will be associated with intervals free from the disease. Comparing the last graph with the combined graph of the 244 years' periods for the city of London the similarity is obvious. The etiology of the epidemic curve for London, when analysed, is not however quite so simple, but I think that the theory outlined roughly corresponds with the facts.
Brownlee: Peiiodicities of Epidemics of Measles (II) EPIDEMICS OF MEASLES IN LONDON, 1840 -1912 In this part of the investigation the weekly numbers of deaths occurring from measles in London between 1840 and 1912 have been used. As the population of London doubled itself during the years in question some correction is necessary and as the great bulk of the deaths from measles occur under five years of age the deaths have been corrected on the theory that the population at these ages is stationary. The method of analysis applied to the statistics is fully explained in Appendix I. It consists essentially in writing out the figures in successive rows of gradually increasing length and summing the columns. If in the result the sums of the columns are all nearly equal there is no period in the neighbourhood. If, however, the sums gradually increase to a maximum and then decrease a period exists in that region. The height of the swing is measured by a quantity defined as the amplitude. When rough work is being done this is measured for most practical purposes by taking the heights of the maximum and of the minimum above the base line and dividing the difference of these by the sum. To avoid the introduction of the personal equation, however, the amplitudes in all the cases discussed in this paper have been calculated mathematically by a method described in Appendix lV.
The results of the investigation are graphed in Diagram II. Examination of this diagram shows that fairly large amplitudes exist in a number of situations. Taking for convenience 1,000 as the measure of the maximum amplitude, amplitudes of 200 occur at periods of six months and of one year, 161 at 87 weeks, 180 at 89-weeks, 394 at 97 weeks, 160 at 105k weeks, 212 at 109k weeks, and 205 at 114 weeks. Much the greatest amplitude is that at 97 weeks and this must be regarded as the main epidemic period of measles in the city of London. It is to be noted that this value corresponds exactly with what has been seen to exist in Diagram I. The main period thus could be easily found by direct observation, but the other periods discovered by the method of research employed, with the exception of the yearly period could, even if suspected, hardly be measured. The question of the permanence of these periods immediately arises. With regard to that of the 97 weeks this admits of no doubt, but the others are not so definitely in evidence. This is seen from the Section of Epidemiology and State Medicine 81 figures given in Table I . In this table the amplitudes of the periods have been calculated not for the whole period of 72 years but for four equal portions of this period, each consisting of eighteen years. The 87 weeks' period is seen to be most prominent in the last 36 years.
The 891 weeks' period in the first and third; the 109' weeks' period is most marked in the first and fourth epochs, while the 114 weeks' period is specially important in the fourth. The conclusion, therefore, seems to follow that in London there are a number of epidemics of measles with different periods, these epidemics assuming greater or lesser importance. Of these the chief is the epidemic of 97 weeks' period which remains the dominant epidemic from 1840 to the present day. In this diagram the amplitudes found when the figures relating to the number of deaths from measles in London from 1840 to 1912 are added together in rows varying in length from 25 to 160 weeks are graphed. It will be seen that the greatest amplitude corresponds to a period of 97 weeks, and that lesser amplitudes occur at 87, 89i, 105i, 109i, and 114 weeks. Annual and semiannual periods are also observed. Such are the main-facts revealed by the data covered by registration. Prior to 1840 the only figures are those contained in the Bills of Mortality of London. These have been thoroughly investigated from 1703 to 1828. Owing to the inadequacy of the data the results of that analysis are not of great value. They furnish, however, sufficient evidence to deduce one very important negative conclusion-namely, that between the years 1755 and 1828 no epidemic with a period near to that of 97 weeks existed in the city of London. Between 1828 and 1838 the statistics in the Bills of Mortality are imperfect, but complete the evidence that the first epidemic of the present cycle was that which occurred in London in the y,ear 1846. Since its introduction this organism has been the one which has caused the chief fatality from measles in the city.
(III) DISTRIBUTION OF MEASLES IN LONDON, 1890 -1915 The results given in the previous section refer to the periodicity of measles in London as a whole. It is clearly equally necessary to ascertain if the epidemics having different periodicities exist uniformly throughout the whole city, or if they are to any extent local phenomena. This part of the investigation has been limited to the twenty-six years, 1890-1915, and has been carried out, first, for the five main districts, north, south, east, west, and central; and, secondly, for the individual sub-registration districts of the West and South. What happens is well illustrated in the accompanying diagrams (Diagrams III and IV) in which the distribution of the epidemics of 87 weeks' and 97 weeks' periods is shown for the main districts of the city. It is evident that the epidemic with the 87 weeks' period exists only south of the Thames. The amplitude found for this epidemic in this locality is about 500, contrasting with the 160 observed when the whole city was investigated.
On the other hand, the epidemic with the period of 97 weeks is well marked in all the districts of London, but specially so in the west, where the amplitude is extraordinarily large-namely, 913. In the north and south districts the amplitude of the epidemic is slightly over 500, while in the central and east districts it is about 330.
The 109' weeks epidemic is best seen in the west, where the amplitude is 570; in the north it is 390; in the central 500, while in the DIAGRAM III. In this diagram the results of adding together the weekly deaths from measles in each district of London, 1890 London, -1914 of 87 weeks are graphed. It will be observed that very small amplitudes exist in the North, West, Central, East, but a very marked amplitude in the South. south and east it is respectively 280 and 170. The epidemic Nwith a period of 114 weeks is most marked in the central where the amplitude is 440, in the north it is 309, in the west 240, in the south 220, and in the east 160.
The method of the periodogrami, however, throws light on one very essential point-namely, the method in which epidenmics arise.
EReferring again to Diagram IV, it can be observed that there is little or no evidence that the epidemic having a period of 97 weeks spreads DIAGRAM IV. Iii this diagram the results of adding together the same figures as in Diagram III in periods of 97 weeks are shown. It will be observed that tlle amiplitude is the greatest in the WVest but well marked in all the othjer district.
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from one district to another. If anything may be said it is that the epidemic in the western district has its maximum two to three weeks later than in the north or the south, but as the incubation period of mueasles ranges from ten to fourteen days this is much too narrow a margin to allow of extensive spread: in addition the amplitude of the waUve in the west is greater than that observed anywhere else. When this matter is examined in greater detail in the different sub-registration districts of the west and of the south no evidence is -found of spread from any individual centre, the maximum time occurring at a constant or nearly constant date nearly in all districts in spite of the different concentration of the population and of the different social conditions. This simultaneous rise of an epidemic throughout the city must be held to be a very remarkable phenomenon. When, however, the manner in which the epidemic of 87 weeks' period spreads is examined, it is found that the seat of this epidemic is in St. Saviour's parish; that it spreads thence to St. Olave's and Camberwell, and from these to Lambeth, Wandsworth and Greenwich. Further, with the epidemic of 97 weeks' period both the maximum of the epidemic in point of time and the death-rate due to the epidemic is very nearly the same in all the sub-registration districts. Yet, with regard to the epidemic of 87 weeks' period, not only is the maximum of the epidemic later in each district as the distance increases from St. Saviour's, but the proportion of children who die becomes progressively less. This might be ascribed to loss of virulence on the part of the organism, but I prefer to interpret it as due to loss of infectivity, the smaller number of deaths being the result of a smaller number of persons being infected. It is to be remembered that the method of examination eliminates the probability that this is a chance effect. If it were only observed in one single epidemic it might well be due to the circumstance that the children in the periphery were protected by a recent attack of measles. But the figures give the average of nearly twenty epidemics, so that such an explanation does not seem to be feasible. Before passing from this part of the subject, it is, perhaps, well to consider for a moment the appearance which may be expected when two epidemics intermix. This is shown for the south of London in Diagrams V and VI. The epidemics are arranged in the first diagram in 87 weeks' period, and in the second in 97 weeks' period, each unit compartment of the graph corresponding to the number of deaths in four weeks. A straight vertical line is drawn in both diagrams, through the point where the maximum of the average Browilee: Periodicities of Epidemics of Measles epidemic is found by calculation, and in addition on each diagram a small black circle indicates the m-iaximllum of the epidemic of the other period. It will be noticed that most of the epidemics, though not all, fall on one or other system, and that in a considerable number of cases even where the epidemics occur within six or seven months of one another both epidemic systemis are well mi3arked. It
Iii thiis diagram the result of the admlixture of the two nearly equal epidemics in the south of Loindon is shown: the lenigth of each sectioni is 87 weeks aild the vertical lines indicate the points xxlhere the average maximunm is founid. The black circular dots itndicate the places where epidemics of 97 weeks are to 1)e placed.
is, however, to be noted that for two or three periods in succession an epidemic wave may not be manifest. Further, a very largee pidemic in one system may apparently determine the absence of an epidemic in the other system at the expected time. These diagrams will repay some study. They represent typically the phenomena frequently found.
Diagram VI bM DIAGRAM VI.
In this diagram the same phenomena are again exhibited with the difference that the sections are of 97 weeks' length and the position of the 87 weeks' period indicated by a solid black circle. Having thus determined that epidemics of measles may recur at various periods-87, 97, or 114 weeks-it is necessary to examine how far this is the rule in other places. In the year 1870 the Registrar-General of England began to publish weekly the statistics of the number of deaths from the different zymotic diseases for the chief towns of the country. From this list the following selection has been made: Newcastle, Sheffield, Liverpool, Manchester, Salford, Bristol, and Birmingham, in England; Glasgow and Edinburgh in Scotland, and Dublin in Ireland. These towns illustrate a great variety of climatic and industrial conditions. Before discussing, however, the results of this investigation it is necessary to ascertain whether the two years period of measles so commonly believed in exists or does not exist. It seems commonest in towns of less than the greatest size, and is found at present or recently in Paisley, Dundee and Aberdeen. Even in such towns its presence, however, is not constant, and as in such towns it is unlikely that more than one strain of organism can maintain itself for long, it is in these that some of the phenomena may perhaps be best observed. Take the case of Paisley, for instance, a town of about 80,000 inhabitants. A complete r6sume of the facts is given in the following table (Table II) . Each row contains the number of deaths in each quarter-year for two successive years, beginning with 1856 and ending with 1917. It will be observed that from 1856 to 1873 inclusive the epidemics occur at intervals of two years with very little variation in date, the maximum number of deaths sometimes occurring in the last quarter of the even years, sometimes in the first quarter of the odd. With 1874, however, a change takes place and epidemics of measles no longer occur, at intervals of two years but approximately at intervals of about 88 weeks, more accurate determination of the period not being possible on account of the short length of the statistics.
This phenomenon lasted twelve years, when it was replaced for the. following twelve years by an epidemic which had a period of greater length than two solar years, but which, like the last, did not persist long enough to permit of its period being accurately determined. With 1898 a biennial epidemic again appears. In this case, however, the maximum occurs in the first quarter of the even years in place-of the first quarter of the odd. This epidemic has persisted from that date to the present. During the latter part of this term in addition an epidemic of two years period in which the maximum varies from the second to the third quarter of the odd years has been running concurrently. The evidence of the figures seems to show then that there are at present two epidemics, one having its maximum in winter and the other its maximum in the second or third quarter of the year. The figures for Paisley thus furnish some evidence which suggests that different strains of the measles organism have been the cause of the epidemics of measles in Paisley, and that some of these strains have maintained themselves for twenty years. This example is of very considerable importance. for each of these in the same manner as for London (Diagram II). These periodograms are shown in Diagram VII. They fall into two groups: the first Edinburgh, Glasgow, Birmingham, Bristol and Sheffield; the second Liverpool, Manchester, and Salford. Beginning first with Edinburgh it will be seen that the values of the amplitudes increase gradually to a maximum with an amplitude of nearly 700, corresponding to a period of 98 weeks. There is also a further maximum of nearly the same amplitude corresponding to a period of DIAGRAM VII.
In this diagram the amplitudes found on adding the figures tojether of rows of different lengths of 80 to 120 weeks is shown for ten large towns. This diagram corresponds to Diagram II for London and is fully discussed in the text. 110 weeks. Between these m-axim-a the amplitude falls to zero, and at the period of 104 weeks is not more than 12. There is thus no evidence of a two-yearly period in Edinburgh. The manner in which the amplitudes increase and decrease as 98 weeks appear and pass, correspond closely to what would be expected mathematically from the range of the statistics (Appendix V). The same holds for the period of 110 weeks. There is therefore no evidence of any epidemic period in Edinburgh of any other value than 98 weeks and 110 weeks. These periods may thus be considered to provide an explanation of the main phenomena observed in that city. Passing to Glasgow it will be observed that the same class of phenomena are observed. There is a maximum at 98 weeks and another maximum at 109 weeks. Between these, however, the curve does not fall so closely to the base line, and when the proper calculations are made there is found to be a residue at about 104 weeks, having an amplitude of 200. This indicates that there should be a small amount of measles in Glasgow due to the organism which determines a periodicity of two years. Another phenomenon observed in Glasgow but not in Edinburgh is the existence of a moderate amplitude with a period of 89 weeks, one of the periods already found in London. In close correspondence with these the graph of Birmingham takes its place. The main periods are 99 and 109 weeks respectively, while there is a subsidiary period of 86 weeks. The general form of the graph suggests also that there is also a small period in the neighbourhood of two solar years. The very close resemblance of Birmingham and Glasgow suggests that causes fundamentally similar must be in action in both cities. Bristol must also be placed in this group. In this case the main periods are 98' and 116 weeks. There is no period of 104 weeks, but a small amplitude exists in the neighbourhood of 106 weeks. The period of 116 weeks is again in proximity to that of 114 weeks already found to exist in London. It would seem that in towns of the size indicated two or three epidemics may become established and account for the great majority of the cases of measles observed.
Falling in a certain measure in line with this are the phenomena observed in Sheffield. Here the main period is about 96 weeks, the amplitude in this case being very large-namely, 800. A less important but quite considerable amplitude is found at 104 weeks, or two solar years, while a moderate amplitude is seen at about 115k weeks. In all the above cases the periods again resemble those found in London, with the exception that in Sheffield a two years' period is well marked.
Liverpool, Manchester and Salford furnish a second group of towns showing different features. Liverpool exemplifies a new strain of organism. The main amplitude is at 92 weeks, and amounts to over 600. There is also a subsidiary period of 100 weeks, with an amplitude of 400. When Salford is examined we find the main period is 90 weeks, which has an amplitude of 600. This period is a little shorter than that observed in Liverpool. There is a second period with an amplitude of 400 at 104 weeks, or two years, and at 114 weeks or 115 weeks an amplitude in the neighbourhood of 300. The periodogram -for Manchester suggests that this city has taken epidemics largely at random from its neighbours. Thus between 89 and 93 weeks there is a fairly high tableland, which may be explained as due to a number of epidemics of mixed periods, such as that of Salford -namely, 90 weeks, and the longer period of Liverpool-namely, 92 weeks. These epidemics may have been introduced temporarily, or have established themselves more or less permanently. At 104 weeks an amplitude is also seen to exist, but again the graph is too flat to be explained by the existence of this period alone. At 114 weeks, however, where the amplitude is barely 300, there is evidence of a smnall periodic wave.
The two towns left for discussion are Newcastle and Dublin. In Newcastle the graph indicates with some degree of certainty a period in the region of 83 weeks. The part of the graph referring to periods of greater length shows a continual high level of amplitude. This is due largely to the presence of one epidemic of a very much greater size than the rest. Dublin, in like manner, gives no evidence of the permanence of any regular phenomenon.
It seems important after the mathematical method has been carried out to return to the actual data and examine these in the light of the discoveries. Two examples have been graphed, Liverpool and Glasgow (Diagrams VIII and IX). In the former the chief epidemic is of 92 weeks period, the second is 100 weeks. The graph for Liverpool is shown in the diagram in sections of 92 weeks. Each vertical compartment of the graph corresponds to the number of deaths in four weeks. The epoch at which the maximum of the epidemic is expected is shown by a vertical line. It will be noticed that the epidemic falls closely to the expected date in most cases. Some variation from the date occurs (criticized in the comment on the diagram), and might of course be expected, but when the vagaries of animal organisms are taken into account this deviation does not seem excessive, though the uniformity is not insisted on. It will be noticed also that there have been a number of epidemics in Liverpool which do not come in the scheme of 92 weeks. This of course is what is to be looked for in a large town like Liverpool, which is a great centre of immigration and of emigration.
DIAGRAM VIII. In this diagram the deaths from measles in Liverpool from 1870 to 1912 are shown. Each section corresponds to 92 weeks. A vertical line indicates where the maximum of the epidemic is theoretically expected.
Glasgow has been chosen as an example of a mixed period. The statistics are shown in biennial periods fromii 1872 to 1917. In this case each compartment corresponds to the calendar muonth. During DiagramVIlll L L at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from the first part of this period, from 1870. to 1883-85, epidemic is well marked. It is to be noted that this summer epidemic. From 1882 upwards the 109 weeks' seen. It seems probable that at this date the epidemic, of 109 weeks, entered the city: in any case it was from a two-yearly epidemic is a period is well with a period this period it became specially important. About 1888 the 98 weeks' epidemic seems to have appeared. In the last few years the two epidemics have separated, as these periods require, and since 1914 yearly epidemics have occurred in the city of Glasgow, each apparently corresponding to one special strain of infection.
The meaning of the phenomena found now falls to be considered. The common explanation of the periodicity of epidemics of children's diseases is that the susceptible children take the disease in sufficient numbers to limit the further spread. The epidemic thus dies out to recur when a further sufficient number of susceptible children have accumulated. This is quite a feasible theory and certainly explains periodicity of epidemics. The forms of epidemic curve which arise on this hypothesis are not unlike those actually found, the differences being no more than might be expected between a mathematical formula based on an hypothesis and the natural conditions to which the hypothesis is only an approximation. This explanation, however, must fail if epidemics of different periods can be shown to exist in the same town at the same time, and I think this has been shown. In London, which on account of its size might be assumed deserving of special treatment, the existence of periods of different length have been demonstrated. In Edinburgh, Glasgow and Birmingham also it has been shown that epidemics with periods in the neighbourhood of 98 weeks and 110 weeks intermix. The same epidemicity even applies to districts of London. In the West End of London we have almost a replica of what occurs in Glasgow, Birmingham and Edinburgh. The main period there is 97 weeks, the secondary period 109j weeks. In the South of London one period is that of 97 weeks, but almost equally prominent is that of 87 weeks. The whole evidence, therefore, seems to point to some condition in the organism which produces the disease as the potent cause of the difference rather than to the number of susceptible children. Compare the paramncium which in natural conditions divides. asexually for several hundred times and then dies out unless conjugation takes place. The resting stage following conjugation persists for some time.
There is, however, one point of great importance which must be considered. If an epidemic begin in a definite locality and spread from that locality, and if there is no loss of infectivity on the part of the organism, it is demonstrable that a similar proportion of the population should be attacked in each zone as the epidemic spreads outward. On the other hand if the organism lose the power of infecting with the lapse of time, in each additional zone invaded the proportion of susceptible persons infected should become smaller and smaller. Of course this might not be true for any one epidemic, as in many parts of the area invaded the population might be more or less insusceptible because of recent attack of the disease, but when an average of twenty outbreaks has been taken this effect should be eliminated, the number of times the invading organism comes into contact with an insusceptible population being balanced by the number of times which it meets one more susceptible than the average. The method of spread of epidemic on the average should thus give some indication regarding the laws which determine the course Qf the phenomenon. Now with regard to London, the clearest facts refer to the 87 weeks', the 97 weeks', and the 1O9 weeks' periods. The 97 weeks' period starts at the same time all over the city and there is no evidence of any special centre. The infection seems generalized. With regard to the 87 weeks' epidemic, however, the case is different. This seems to start in St. Saviour's parish and to spread thence to Camberwell, Lambeth, &c. In this epidemic the rate of spread can be definitely measured. The maximum occurs later and later as the distance from the centre is increased and the percentage of children infected is also easily observed to fall as the time increases. With regard to the 109t weeks' period epidemic the facts are similar though not quite so definite. This seems to show that for at least two strains of organism the epidemic ceases because -the organism has lost its power of infecting. It may be inferred then that an epidemic ceases because the organism varies in its potency to cause infection. A cycle of epidemics now coinciding and now differing in their maxima can thus be explained. Some kind of life cycle exists in the infecting organism. In this life cycle high powers of infecting are attained probably after a resting stage: a period of activity follows and gives place to a period of rest; the average length of the cycle is determined by the strain of the organism.
(VI) SEASONAL DISTRIBUTION OF MEASLES.
The question of the seasonal periodicity of measles demands some notice. The general results are shown in Diagram X. It will be noticed that for every district practically there are two seasons of the 97 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
year in which deaths occur, one having its maximum in the winter months, December and January, and the other having its maximum about the months of April or May. The significance of these phenomena is very difficult to explain. It can be proved at once, however, that there is nothing essential in the double periodicity. Section of Epidemiology and State Medicine mninimum in October. During the thirty years in question the maximum in individual epidemics has varied from March to July, occurring some years earlier and some years later. The number of deaths in May is more than twice the number of deaths in September, and nearly twice that in January. It is thtis apparent that a seasonal prevalence having only one maximum may persist over very considerable periods of time. Looking back to the diagram which illustrates the course of epidemics of measles in Glasgow since 1870 (Diagram IX), it can be observed that in the earlier years an epidemic having its maximum in May occurred biennially with little indication of any seasonal effect of the winter months. Taking these two facts into consideration it would seem that there is in these cases a predilection for the late spring or the early summer. If the periodicity of the epidemics is rigidly one or two solar years, no other appearance would be possible once it was established. In this connexion it may be recalled that in Paisley between 1856 and 1873 the maximum death-rate was in the alternate months of January. In Dundee from 1874 to 1911 it was in the month of February. In both these towns it may be said that practically nothing but the biennial epidemic was present. In Paisley, further, during the last twenty years there have apparently been two biennial epidemics, one with its maximum in January and one with its mnaximum in the second or third quarters of the year.
In spite however of the fact that two-yearly epidemics can hardly be said to exist in any of the remaining towns examined, winter and spring maxima are characteristically independent of the length of the epidemic periods. In their similarity of behaviour it is only necessary to mention London, Birmingham, and Liverpool. In the latter town where the main periodicity is 92 weeks, both phenomena are specially marked. It would seem to be a fact that where a maximum of an epidemic is due between August and October little or no result follows. In these months it would therefore appear that something specially hostile to the -production of a measles epidemic exists. For the present no 'further dogmatic'statement can be made.
Returning 'to London it may be said in the first place that the seasonal distribution again' seems independent of the period of the epidemic. As we have seen, in the northern district the chief epidemics are those with periods of 97 and 109 weeks; in the western district that with a period of 97 weeks is much the most important, and to a less extent that of 109 weeks; in the southern district the epidemics with periods of 87 and 97 weeks are equally important; yet there is no real difference in the seasonal distribution of measles in these separate districts between 1890 and 1914, the years which the investigation covers. In London as a whole, however, between 1840 and the present day, grest variations have taken place. These are illustrated in the diagram. In the first 18 years the winter period was much the -most important, in the last 18 years the spring period. A point of special interest is evident in that the spring maximum has been appearing earlier and earlier in the year, at the same time as it has been increasing in importance. The maximum was over 800 in the first 18 years, nearly 900 in the sekond, over 1,200 in the third, and 1,300 in the last period. This suggests a phenomenon of greater complexity than that of which the combined figures for the seventy years, the only figures usually published, give indication. The interpretation of these phenomena must be left to some future inquiry. APPENDIX I.
ON THE METHOD OF INVESTIGATING PERIODICITY IN DISEASE WITH EXAMPLES.
Of the different methods of determining periodicities there is only one which has any real importance in epidemiology. This is the method of periodogram analysis designed by Professor Schuster. Other methods have been suggested and in certain cases in astronomy and physical science these give true results, but they all suffer from the defect that they are exact mathematical methods and unless the figures given by the statistics differ by negligible amounts from the theoretical values they fail to give even approximate values of the true periodicities. Such regularity of occurrence is naturally not complied with in statistics relating to epidemiology. For instance, a single case of measles occurring in a large school will easily give rise to a much larger number of secondary cases than if it had arisen elsewhere. When the analysis is made by the method of the periodogram these divergences are of little importance. The method of the periodogram was originally designed for physical purposes and has bee'n freely used by the author and others in the investigation of magnetic periodicity, the periodicity of sun spots, of variable stars, &c. Its use is, however, not confined to physical problems but can be extended equally to biological investigation, and the fullest use must be made of this method in the study of epidemiology before really important conclusions can be drawn. The only defect is the labour of application.
Briefly described the method is as follows: A long series of figures are taken representing the frequency with which some event has occurred during equal intervals of time, say, for instance, the number of deaths from measles every week. These figures are written down in rows of a certain length. Thus, starting with a number such as fifty, the first fifty frequencies are written down in a row: the fifty-first frequency is placed below the first and a second row ending with the one hundredth frequency written down: the third row begins with the one hundred and first frequency. This process is repeated until as large a number of rows as the statistics allow have been written.
The columns are then summed. A new beginning is then made, writing the figures in rows containing fifty-one consecutive frequencies and the whole process repeated. Proceeding by similar units each time the statistics are examined in the same way till the longest period which it is desired to investigate has been analysed. Either by inspection, or a more rigid application of a Fourier analysis, the instances among the series of rows representing the sum of the columns in which the greatest variation from maximum to minimum occurs, are selected. These give the most notable periodicities. The principle on which the method is based is that if a period of any length exists no additional row added will tend to make the maximum differ more markedly from the minimum, while if the same frequencies are added in rows of lengths which do not correspond to a period the maxima in successive rows will appear in columns which succeed each other and thus in the sum each will tend to neutralize the effect of the other.
The principle of the method of analysis is thus quite simple. It does not merely give one period but every. period. The systematic investigation by gradually extending the length of each row allows every period to appear, since the presence of two or more periods-though making an investigation by guess-work almost impossible-does not raise any difficulties in the way of this method revealing the composite nature of the statistics examined unless the two periods are so similar in length that the series of statistics available is unequal to differentiate their effects. As a first instance of the method a purely artificial example has been chosen to permit the mechanism of the process to be easily studied. Let us take a series: - It is obvious that before the compound series thus constructed repeats itself forty terms will be necessary since the one period comprises eight terms and the other five. The combination is shown on the following page (Table IV) .
The series of terms thus obtained shows very considerable irregularity and certainly, though the longer of the periods might be guessed, the second seems sufficiently obscure. Applying the method the series of terms will be written out first in fours, then in fives, and so on, increasing by units till the rows contain nine terms. This is shown in Table V . From this table the method can be easily followed.
When the terms are added in fours we find that the greatest differences observed in the sums of the columns vary from 268 to 308. This is a very slight variation. It is due to the form of the eight term period, as can easily be seen by adding the eight term period in the group of four terms each- In the next trial, in which a five term period is sought, the result is quite different. Here the sum shows a regular progress from 160 to 320 and back. Definite evidence of the presence of a period is found subject to the sums in periods of six terms showing less variation.
As six does not evenly divide 40 and as 120 is the least common multiple, the series requires to be repeated three times. For purposes of illustration the addition has been made in three sections: the first contains six rows, the second eight rows, and the third again six. When the three sub-totals are added, the total of each column is the same, namely, 576. This division into three sections has been made to illustrate the necessity of a sufficient number of periods being taken if certainty as to the existence or non-existence of a period is to be obtained or not. When the-first sum of six terms is examined it is found that there is a regular progression from a term of 140 up to a term of 188. This might quite well indicate a period but not one of great' moment.
It is, in addition, a form not often found, inasmuch as the progress from the maximum to the minimum alters suddenly between two successive terms and not gradually. For seven terms in a row, it is necessary to write the forty figures in the series seven times, but as the original series examined reads from the end in identically the same terms as from the beginning it is only necessary to write out half of the analysis. To obtain the complete totals the sums of the columns as found and as written in inverse order were added together. The writing out has again been done in four sets of additions. In this case if only a few rows were added together a misinterpretation of the result might easily occur. As added together in sets of five rows quite large differences between the maxima and minima are found. It will be noticed, however, that the maximum in each set of fite is in a different place. When the first four series are added together little evidence of a period is seen. When to the last sums the figures written in inverse order are added, the result becomes constant. Thus there is no period with seven terms.
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With eight terms a completely different result is seen. Here there is a regular progress from a minimum to a maximum and again to a minimum, a result which would evidently remain constant no matter how many more complete sets of figures were added.
With nine terms again, the same phenomena as were found with regard to seven terms in a row are seen.
It is thus found that in a given case where a complex set of figures was deliberately constructed it is possible to obtain by the method information regarding the periodicities corresponding to the facts which we know beforehand to be correct.
If there are sufficient figures available periodicities carl always be found by this method. If the series is small there may easily be doubt as to which of two near periods is the true one. However, every succeeding row added on tends to eliminate error. Take the case of seven terms already considered where the terms are successively summed in five rows. In the first sum (a) marked variation exists, but with the addition of each extra set of rows this difference disappears. This is shown in Table VI. Thus in the first sum the maximum is nearly twice the minimum, while in the last it is barely 20 per cent. greater.
Frequently it will be found that the real period lies between two sets of sums. The method of approximating to this can easily be shown from the example considered. It is not an exact but an approximate method. If the rows of any definite length are not summed in one sum, but in a series of sums, as has been done in this case for seven and nine terms, it will be seen that the maximum and minimum do not occupy a constant position in the subtotals but move in a position from sub-total to sub-total. It is obvious that if the period examined is too short the maximum will tend to be found further forward with each successive sub-total, since in the true period the maxima come truly under each other in place, and if the number of terms in the row is too small this maximum will move forward correspondingly with each new row. Likewise, if the number of terms is too great, the maximum will tend to move back. It is not possible to say with one set of figures whether the maximum is moving backwards or forwards, but with two sets, one on either side of a true period, or both on one side, only one solution is possible. It will be found, looking at the series of seven and nine, where the position of the maximum is shown by an asterisk, that a movement forward of the maximum in the seven term analysis agrees with the moving back of the maximum in the nine term analysis. Counting how many terms in the sum the maximum moves with each separate addition, and dividing this sum by the number of rows in each separate addition, we obtain an approximate value of the error in the period. Thus with the seven terms addition the maximum moves four spaces between (a) and (b), four and a half between (b) and (c), and four and a half between (c) and (d). Dividing these figures by five, the number of rows in each sub-total, we find that the true period should be 08 to 09 of a division longer than that tried.
In the same way with the nine term period, the maximum moves back six spaces between (a) and (b), five and a half between (b) and (c), and five and a half between (c) and (d).
The period of nine terms is thus 1x2 to 11 times too long. The mean of these extremes is exactly unity, and this we know to be the true difference from the actual period. This methodcan often be usefully applied.
Passing now to an example furnished by actual statistics, a -simple instance relating to the periodicity of deaths from measles in Aberdeen during the years 1856-1885 has been selected (Table VII) . This example possesses a double periodicity, the one due in some way to the seasonal factor and the other independent of this. The first period is annual, the second during the years mentioned almost exactly 2'75 years. Of course, absolute regularity cannot be expected in such a biological phenomenon, but it will be seen that the periodicity is singularly constant. In only one case is it found that the maximum of an epidemic occurs at any appreciable distance from the position required by the period considered. Each term in the series of figures refers to the number of deaths in one quarter of the solar year. These numbers have been summed in-five different ways. A period of two years or eight quarter-years has been taken as the starting point. To this period in each succeeding test one quarter of a year has been added to the lengths of the rows till each row contains the figures for three years. The first addition seems to show that measles is more prevalent in alternate years, but it is chiefly of importance as-illustrating the marked climatic factor. In the first and fourth quarter of the year twice as many deaths occur from measles as in the second and third quarters, as can be seen by adding the totals in four terms thus: This method of addition obviously gives the same results as if all the original terms had been speciaily written in rows of fours. Examining the sum from two years upwards, it is easily seen that with the approach to 2'75 years the maxima tend to group themselves more and more nearly in a vertical line, and with that period the difference between the minimum and maximum become so great as to show that measles was practically absent except at very definite intervals. In addition the approach to the maximum and the decline from it becomes somewhat symmetrical. There is thus no doubt at all as to what period shows the greatest regularity in recurring. Variation from exactitude occurs, especially in the fourth and sixth rows, but when the eleven successive periods have been added this makes little difference in the result. As before seen in the examination of the theoretical example, this number of additions has been found quite sufficient to eliminate serious error. Thus though, as has already been seen, there is an undoubted association between the number of deaths from measles and the seasons of the year it is evident that the disease recurs at intervals which have no relation at aIl to the solar year, since it is obvious that in a series of 30k years with a period of 2'75 years the maximum of the epidemic has been in each season three times. Something independent of season is exercising a controlling influence. The proof of this does not depend on this example alone. Similar periodicities of different lengths and of length independent of the solar year are the rule, as has already been seen. Having thus described the method and made application of it to theoretical and practical cases, a description of a complete investigation of the method such as that referring to measles in London between the years 1840-1912, may well follow. From the year 1840 to the year 1912 the weekly numbers of deaths were extracted from the returns of the Registrar-General. As London increaEsed so much in size that the population of children under 5 years of age more than doubled itself in this interval, the number of deaths was first corrected to bring the death-rates in each year to a comparable value. After this, the figures were written down in rows, beginning with a period of 80 weeks. With this starting point the periods were increased successively by one week till a period of 120 weeks was reached; from this period the increase was made by fortnightly intervals up to 160 weeks; after this increase by quarter-year intervals was found sufficient. In the actual working the additions of the columns were made not only for the complete series of years, but also in four divisions, each of which covered approximately eighteen years. In this way it was hoped to determine if any phenomenon observed in the full totals had been constantly or inconstantly present. It was found that during 72 years, the chief period between epidemics of measles in London, has been, on the average, 97 weeks exactly. The sums of the totals for each epoch of 18 years for the periods 95, 97 and 99 weeks, and the corresponding complete totals are shown in the accompanying diagram (Diagram XI). It will be observed how narrowly the main period is defined. In the first set of graphs, that referring to 95 weeks, the march of the maximum is steadily forward; in the last set of graphs, that referring to 99 weeks, the march of the maximum is as steadily backwards. With 97 weeks the maxima and minima fall in the same vertical line. Irregularities in the statistics of individual years thus tend to be smoothed out and the fundamental facts to declare themselves. For periods of 95 or 99 weeks the total sum shows very moderate variations from the mean line. For 97 weeks the variation is extremely marked. The sites of the other periods are easily observed by reference either to Diagram I or There is one fallacy which must be guarded against when carrying out the process of periodogram analysis with reference to disease statistics. This fallacy arises if a few epidemics much larger than the ordinary epidemics occur between which there is a considerable interval of time. What happens in the analysis will be best appreciated by considering a simple example. In this example it is assumed that two large epidemics occur with no cases of the disease in the interval between. In the first writing of the figures chosen (Table VIII, a) these two epidemics are shown in the same column associated with rows of ten elements. In the second writing (Table VIII, b) they come again into juxtaposition in the same column, associated with rows of fifteen elements. It is quite obvious that a maximum will be found in each of these positions, though there is no evidence of any real periodicity. This kind of feature has made the investigation of the Newcastle statistics impossible and it must always be watched for in practice.
APPENDIX III.
METHOD OF TESTING THE PROBABILITY OF PERIODS.
The method of testing the probability of a period is given by Professor Schuster. It is as follows: A region of the statistics in which there is no probable period is chosen as exhibiting the values which the amplitudes must take if chance alone determine their magnitude. It is advisable to take a considerable range of successive values if such are available. They should be chosen at equal increments of the period. These amplitudes are squared and their mean square taken. The ratio of the square of any amplitude to this quantity determines its probability of independent existence. The probability that a period exists with the amplitude observed is ascertained after consulting the following table, which has been taken from Professor Schuster. For London the values of the amplitudes for periods of 118 weeks to 160 weeks at intervals of two weeks have been chosen as the criterion values. These give a mean square amplitude of 4,315. This number divided into the square of 417, the amplitude at 97 weeks, gives almost exae,tlv 40. Reference to the table thus shows immeasurably great odds in favour of the existence of a true periodicity. An amplitude of 200 gives a value of the ratio of 9, which shows a probability in favour of a true periodicity of between 3,000 and 20,000 to one. For Glasgow the value of the mean square is much larger-namely, 22,426-as is to be expected from the smaller lengthl ol the statistics. The amplitude of the main periods of 98 weeks and of 109)weeks are, however, high, 626'5 and 563'7 respectively, and the ratios are 17'5 and 14'2. -The probability of these amplitudes representing true periodicities are thus in the region of millions to one. The amplitude at 89 weeks gives a ratio of 5'2, equivalent only to odds in favour of a period of about 180 to one, much smaller than those referring to the two main periods, and possibly not significant. APPENDIX IV.
THE METHOD OF DETERMINING THE AMPLITUDE.
The method of determining the amplitude of a series of figures is now given in most text-books, but there are one or two points which make for simplicity in this kind of work which are usually neglected. To calculate the amplitude commonly 12 or 24 divisions are used. Twenty divisions are used in my office for the reason that division by 20 is much more simple than division either by 12 or 24.
In the summations referred to in the previous pages the total number of elements in bhe row have ranged from 80 to 160. To reduce this variable number of elements to 20 is a work of much greater ease than to reduce them to 24. Taking the case of 97 elements for instance, each of the 20 elements will then contain 41 ,. or 4'85 of the 97 units. With a calculating machine it is a matter of considerable rapidity to obtain these 20 elements. The first figure in the 20 series contains the first four elements of the series in the statistics, and 0'85 of the next; the second figure contains the remaining 0-15 of the fifth element, the next four elements and 0 7 of the tenth element; the third set of figures contains 0 3 of the tenth element, the next four elements, and '0 55 of the fifteenth. The calculation thus can be quickly run through.
Denote these twenty elements then by ul, U2,, &c., write them as follows, add and subtract:-Ull U2) US' "'41 Ub, Uil, U71 US' U91 UItI Ull, U20, U19, U19, U17, Ul6, U15, U14, U1 U12, Sums-VI, V2, V3, V4, V5, V6, V7, V8, V9g V1*, VII, Differences-wI, w2, W3, W4, W5, W6, W7, Ws, WsW, The gum and differences have been respectively denoted by v and w, with. appropriate suffixes. Re-write these as below and make corresponding additions and subtractions. 
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Then we have a. = 0 (a,+a2+a8+a4+a,+a6). a, = ,(B,+0951 02+0 809 03+0 588 04+0 309 5). a2 = (a,-a6+0809 ac2-a5+0309 a13-C4). b, = , (0309-yi + 058&y2 + 0 8097y3 + 0951Y4 + 'y5). When there is a limited series of statistics it is not always easy to determine from the periodograms (Diagram VII) whether only one period or amixture of several periods is present. Had we always the range of statistics, available for London there would not be much difficulty in determining this, but this range is in most cases lacking. To illustrate the point the data referring to amplitudes found in the neighbourhood of 98 weeks in the city of Edinburgh Wave been regraphed (Diagram XII), the observations being 
DIAGRAM XII.
This diagram shows the method of graphically distinguishing whether the range of amplitudes found is what might be expected. The actual observations are indicated by crosses; the theoretical by circular dots. The unit of abscissa between the theoretical values is 1-15 times that of the unit of abscissa used in charting the actual values. The observations graphed in this diagram are the same observations as have been already shown on a smaller scale in Diagram VII in the first section of the periodogram for Edinburgh. indicated by crosses. It will be noticed that the amplitudes relating to periods of 97 and 99 weeks are very nearly as high as that relating to a period of 98 weeks, while for 96 and 100 weeks the amplitudes are still very considerable.
In order to furnish the mechanism of a ready test as to whether any such variation is in the range of what should be expected or not the following table (Table X) The true period is taken as 100 weeks and it has been assumed that twenty rows of observations are added together. The amplitudes expected have been calculated on the assumption that the epidemics have been of uniform size and form. To apply this table arithmetically demands skill in calculating but to apply it graphically is exceedingly simple. The rule is as follows: Chart the amplitudes with a uniform abscissa of period (in our statistics one week) on squared paper. Let p be the period to be examined and it the number of rows in the actual statistics then the unit of abscissa used in the calculated is tobemuliplie by i 20 table is to he multiplied byor before the figures in the table are charted. Before charting the ordinates in the table they are to be reduced in proportion to the maximum amplitude of the period examined.
In the present case, that of Edinburgh, n = 17 and p = 98, that is, the number of rows in the statistics is 17, and the period approximately 98 weeks.
The new unit of abscissie is thus -98 or 1'15 weeks. Take, then, 683 as the maximum and proportionately reduce the values in Table X , as shown iin the third column. When the diagram of the periodogram is examined, it is easily seen that it is nearly symmetrical about a mid-line corresponding to 97'8 weeks. 'Take this as the origin, then measure from it on either side successive units of 1'15 weeks and erect ordinates corresponding in length to the ordinates given in Table X . A smooth curve is drawn through the results. The correspondence in this case is nearly perfect. For a first approximation which is all this purports to be it may be regarded as proved that in this region only one period exists. It is not so, however, when the 96 weeks' period found in Sheffield is examined in a like manner. This can be DISCUSSION.
Mr. YULE: With regard to Dr. Brownlee's exposition of the results that he has reached, I can speak from the statistical standpoint only. Some of the results seem to me very remarkable. In the first place there is the predominance of two periods-roughly 87 and 97 days-which bear no relation whatever to the solar year. If these periods represent, as assumed by the author, periods of some kind in the life-history of the causative organism, the fact that they bear no relation to the seasons is striking. Next, there is the appearance in Liverpool of a period that is quite inconspicuous in London, and still more remarkable a period in South London which, during the whole of the time covered by the observations analysed, never became significantly conspicuous in North London. If these different periods represent different sub-types of the organism, it is difficult to understand why the sub-group dominant south of the river never succeeded in crossing the bridges and becoming even moderately conspicuous in districts on the north bank. Finally there is the remarkable alteration in the form of the annual curve with its retrogression of the maximum to an earlier date of the year. With reference to this point, has Dr. Brownlee found any evidence of a period slightly shorter than the year, the presence of which might account for such a shift? Also, on a technical point, has he found any difficulty in dealing with the longer periods ? I have not had occasion to use the periodogram method myself, but in giving some assistance to a friend we found a source of difficulty, and of possible fallacy, which does not seem to be noticed in the accounts of the method which I have seen. The difficulty is that, in taking the range of values observed in your row of totals for a period 2p, you may be merely repeating the range for the period p, two complete waves of which will be included. I assume, of course, that Dr. Brownlee avoided this source of fallacy, but how did he deal with it? Dr. W. H. HAMER: The author tells us he has long held that variations in the measles organism, or organisms, are of primary importance in determining the form of the measles waves. Many people have urged on the other hand, that primary importance must be attributed, as regards these measles waves, par excellence, to the numbers and availability of susceptible persons. I tried to illustrate this point of view in the Milroy Lectures of 1906. Studied from this aspect significance must of course be attached to rise and fall of birthrates, movement and aggregation of population, crowding, facilities as regards transport, and note must also be taken of administrative action. Dr. Brownlee seems disposed to wave all such considerations aside and to pin his faith exclusively upon variations in the germs. I should like to allude, in illustration of the possibility that preventive measures may have some effect, to the question of the modification of the seasonal curve of meaFles mentioned by Dr. Brownlee. In my Annual Report for 1912 reference was made to the changed form of the seasonal curve-the mean curve for 1874-1912 was contrasted with that for 1840-73-and the following suggestions were thereupon made. " It may be taken that the Elementary Education Act began to exert its influence about the year 1874. The accentuation of the curve of measles mortality during the latter series of years may in all probability be attributed to the increasing aggregation of population, combined with the effects produced by compulsory school attendance. Under modern conditions the natural tendency of measles to exhaust the susceptible cases finds freer expression, with the results that outbreaks climb more readily to the maxima; and, correspondingly, intervals are left in which the disease is less active than formerly." On the other hand the more complete preventive measures (excluding scholars, closing classes, &c.) of later years are doubtless in part responsible for cutting off the tops of the measles peaks. Dr. Brownlee points out that the summer maximum in London has in recent years moved forward from June to May or even April. I venture to suggest that this phenomenon (which is clearly exhibited in Diagram D of my Report for 1912) may be in part attribut.%hle to preventive measures.
Mr. M. GREENWOOD: I do not agree with Dr. Hamer's concluding remarks. It was no part of Dr. Brownlee's duty to consider the various agencies enumerated by Dr. Hamer, since the object of the research was to determine whether pertodicity existed; the explanation of the phenomenon must come later. With Mr. Yule, I think that it is impossible upon the spur of the moment to discuss the very important and perplexing results disclosed and will merely refer to two points. May it not be possible that, in the case of some of the shorter series, the differences in length of the periods are within the limits of sampling errors, so that the total number of distinct periodicities, distinct that is from one geographical region to another, may be smaller than appears on the face of the statistics? The second point is whether the oscillation of the seasonal maxima is a sufficient proof that the production of these maxima cannot be attributed to meteorological factors. Only those who have attempted to use the periodogram method can realize the immense labour involved in the present inquiry. The gratitude of the Section is due to Dr. Brownlee and his staff, who have enabled us to include in our Proceedings so valuable a contribution to the quantitative study of epidemiology.
Dr. BROWNLEE (in reply): I shall refer to two criticisms that have been made. One of these was that death statistics were used and not case statistics. With regard to this point, there are only two sets of case statistics to which I have had access, those of Aberdeen and Glasgow. In the first case the periodicity of the epidemics is almost absolutely biennial, and the number of cases give no information which is not given by the number of deaths. In the other casenamel'y, Glasgow, the correspondence between the cases and deaths is also close. Compulsory notification has, however, never existed in Glasgow.
The ni imber of known cases also varies with the amount of distress in the city. For instance, at times, when trade is bad, many more cases become known to the 1sanitary authorities than when trade is good, on account of the desire of the parents to have their children looked after. Making allowance for this, no facts have been discovered from the case statistics which have not been found from those of deaths. With regard to the effect of the season of the year, I have been unable to discover in what way the effect was produced. If I may make a prophecy, referring to Diagram I, I should feel inclined to say that something similar to the first three sections of the diagram will be found to describe the future course of measles in London. I hope to be alive in 1936 and to demonstrate this at that date.
